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We show that small soft terms can create a supersymmetry breaking minimum along a pseudo-
flat direction of a hidden sector which would otherwise be incapable of spontaneous supersymmetry
breaking. As this minimum lies along a pseudo-flat direction, with non-zero F- or D-terms, the
resultant supersymmetry breaking in the hidden sector can be orders of magnitude greater than
the soft terms which created the minimum. This opens new avenues for building models of gauge
mediation, may have consequences for the cosmology of hidden sectors, and strengthens the case for
multiple supersymmetry breaking sectors.
I. INTRODUCTION
If we wish to employ weak scale supersymmetry
(SUSY) as a remedy to the hierarchy problem then, in
addition to the supersymmetric standard model, a sup-
plementary sector which spontaneously breaks SUSY be-
comes a necessity.
Extending this, if one entertains the idea of multiple
sectors, with dynamics over a range of scales then, once
supersymmetry has been broken in at least one sector,
this raises the possibility of another hidden sector which
may have soft masses well below the typical supersym-
metric mass scales in the sector. Such a sector would
therefore be approximately supersymmetric; the soft su-
persymmetry breaking a small perturbation on the po-
tential and dynamics of the sector.
In this work we are concerned with an effect peculiar
to approximately supersymmetric hidden sectors, where,
in analogy with approximate global symmetries, we de-
fine an ‘approximately’ supersymmetric sector as one in
which SUSY is broken softly at scales much lower than
the supersymmetric mass scales in the sector.
One would expect such a small perturbation on the
sector to have correspondingly small effects, however we
comment here on a scenario whereby small soft parame-
ters can have a pronounced effect, enabling a sector which
has no stable SUSY breaking vacuum in the absence of
the small soft terms to break SUSY spontaneously at
typical mass scales of the sector, much greater than the
SUSY breaking due to the soft terms.
The basic mechanism is as follows: Consider a super-
symmetic hidden sector, containing multiple superfields,
which possesses a supersymmetric vacuum. However,
along the minimum of the scalar potential, far from the
supersymmetric minimum, there also exists a tree-level
flat direction with non-zero SUSY breaking. Due to the
SUSY breaking this flat direction is lifted radiatively, ren-
dering it pseudo-flat, sloping gently towards the super-
symmetric minimum. Such a scalar potential is depicted
in Figure 1, and we call this sector the ‘secondary’ sector.
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Now we consider perturbing this secondary sector by
adding a soft potential with scalar masses, m˜, much
smaller than the typical supersymmetric mass scales in
the secondary sector. These soft terms could be gener-
ated due to supersymmetry breaking in another sector,
the ‘primary’ sector. This soft potential only modifies
the full scalar potential of the secondary sector in a mi-
nor way. However, if the symmetry structure of the sec-
ondary sector superpotential is different from that of the
soft potential, it is possible that the minimum of the su-
persymmetric scalar potential does not coincide with the
minimum of the soft potential.
In this scenario, if the minimum of the soft poten-
tial coincides with a point along the pseudo-flat direction
then, owing to the extremely flat potential, a local mini-
mum can appear. Thus the small parameters in the soft
potential are important in the context of the secondary
sector as it possesses a flat direction.
The consequences of a local minimum along a pseudo-
flat direction now become important, as along such a
direction the SUSY breaking is non-zero, and even more
importantly this SUSY breaking occurs at scales much
larger than the soft masses that induced the local mini-
mum. Thus we have ‘stimulated’ supersymmetry break-
ing.
In this way approximately supersymmetric secondary
sectors can exhibit a rather curious phenomenon, sponta-
neously breaking the approximate SUSY, even when the
exactly supersymmetric counterpart has no SUSY break-
ing minimum.
This is amusing, but seems rather contrived - break-
ing supersymmetry in order to break supersymmetry.
However stimulated SUSY breaking may have a place
in beyond-the-standard-model physics.
The first obvious application is in theories of gauge-
mediated SUSY breaking, in particular in the framework
of ‘ordinary gauge mediation’ (OGM), which we now
summarize. For a recent general treatment of OGM see
[1], and a recent review of gauge mediation [2]. In this
scenario the details of the hidden SUSY breaking sector
are considered irrelevant, and the SUSY breaking in the
hidden sector is parameterized by a singlet ‘spurion’ su-
perfield, X, with 〈X〉 = θ2F . The singlet is then coupled
to N pairs of messenger superfields Q, Q, transforming
in the 5⊕ 5 of SU(5) ⊃ GSM .
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2The superpotential, including messenger masses and
couplings to the SUSY breaking singlet, is then taken to
be;
WOGM = λXQQ+MQQ , (1)
and from this starting point SUSY breaking is communi-
cated to the supersymmetric standard model (SSM) via
gauge interactions, yielding a distinctive SSM spectrum.
Note that in Equation 1 we have not taken the canonical
assumption of 〈X〉 = M + θ2F as the messenger masses
could, in principle, arise from a different supermultiplet,
especially when the scales of M and F are greatly sepa-
rated.
We can see that the details of the hidden sector are
necessarily non-trivial by considering the simplest model
of SUSY breaking, a Polonyi model, with a hidden sector
superpotentialWh = fX. Coupling this to the messenger
sector we have the total superpotential:
WT = X(λQQ+ f) +MQQ . (2)
Now, even if λ is small, this theory possesses a supersym-
metric minimum, and the previously flat X directions
are lifted by the messenger interactions. These pseudo-
flat directions tilt towards the supersymmetric minimum
and the theory is rendered redundant for the purposes of
SUSY breaking.
However, in the standard scenario the hidden sector
involves couplings between X and some extra super-
fields which generate radiative corrections to the poten-
tial for X, a long-lived SUSY breaking minimum can be
achieved, and we can proceed with models of OGM.
With the aid of stimulated SUSY breaking we can pro-
ceed along an alternative avenue. We start by posit-
ing the existence of an extra primary SUSY breaking
sector which generates a soft mass m˜ for X, satisfying
m˜2 < f <∼M2 [23]. This soft mass can stabilize X along
a SUSY breaking pseudo-flat direction, possibly near the
origin, with 〈X〉 = θ2f .
The extra primary SUSY breaking sector need only
break SUSY spontaneously, and is not lumbered with any
of the necessary properties of a sector required for gauge
mediation. The strongest such requirement being that
of significant R-symmetry breaking, along with SUSY
breaking, in order to generate comparable gaugino and
sfermion masses.
Hence a new recipe for building models of gauge medi-
ation is to construct a secondary sector, including mes-
sengers, which possesses a tree-level flat direction along
which there is comparable SUSY and R-symmetry break-
ing. Even if this sector is incapable of spontaneous SUSY
breaking in isolation, if we introduce small soft masses
for the fields in this sector it may be possible to create
a SUSY breaking minimum somewhere along the flat di-
rection. These small soft masses come at the price of a
supplementary primary SUSY breaking sector, however
this sector needn’t also break R-symmetry. Further, this
primary SUSY breaking sector can be very weakly cou-
pled to the stimulated SUSY breaking sector. Finally the
stimulated SUSY breaking in the secondary sector can be
gauge-mediated to the SSM.
A novel feature of this set-up is that the gravitino mass
is no longer set by the SUSY breaking in the sector which
contributes dominantly to SUSY breaking in the SSM.
The mechanism of stimulated SUSY breaking also has
some more general consequences, in particular in the
context of multiple SUSY breaking sectors, whose phe-
nomenology has been a subject of recent interest [3–6].
If there exist multiple sequestered sectors then some of
these may have been stimulated into breaking SUSY,
even if they are incapable of spontaneous SUSY breaking
in isolation. Or, in other words, if there exist multiple
SUSY breaking sectors then many of them needn’t take
the form of a successful SUSY breaking sector in isola-
tion.
Another consequence follows from the observation that
the gravitino mass, and thus soft SUSY breaking pa-
rameters, are of the order of the Hubble parameter, i.e.
m3/2 ∼ H, in the early Universe [7]. It therefore follows
that due to larger soft-masses, additional sectors may
have experienced stimulated SUSY breaking in the early
Universe, and, when m3/2 fell below a critical value, such
sectors could have experienced a SUSY-restoring phase
transition.
In this work we focus mainly on the mechanism of stim-
ulated SUSY breaking and comment briefly on the model
building applications and cosmological consequences. In
Section II we construct both F-term and D-term exam-
ples of stimulated SUSY breaking. We calculate the de-
tails of the F-term model for specific parameters, explic-
itly demonstrating stimulated SUSY breaking. In Section
III we discuss some general features of the mechanism, in-
cluding the required properties of a candidate stimulated
SUSY breaking sector. Finally, we conclude in Section
IV.
II. SOME ILLUSTRATIVE EXAMPLES
Before discussing the mechanism of stimulated SUSY
breaking in more generality in Section III, we first focus
on specific examples, in order to illustrate the mechanism
as clearly as possible.
A. An F-term Model
The model contains two sectors;
• The ‘primary’ sector, which breaks SUSY sponta-
neously and has dimensionful parameters of order
Λp. We denote the primary SUSY breaking super-
field P .
• The ‘secondary’ sector, which experiences stimu-
lated SUSY breaking. We denote the secondary
SUSY breaking superfield S. The dimensionful pa-
rameters in the secondary sector are of order Λs,
3and satisfy Λs  Λp. In isolation this secondary
sector does not possess a local SUSY breaking min-
imum, and relies on couplings to the primary sector
in order to achieve stimulated SUSY breaking.
In this model we work in the limit of rigid SUSY, with
MP → ∞. We also assume a minimal Ka¨hler potential
for all fields, with the exception of the interaction term,
which we introduce later.
We denote the superpotential for the primary sector
Wp, and for the secondary sector Ws. Thus the complete
superpotential is W = Wp +Ws, where;
Wp = P (ypφ1φ2 − hpΛ2p)− Λp(φ1φ3 + φ2φ4) (3)
Ws = S(ysQQ− hsΛ2s)− ΛsQQ . (4)
We now describe the origin, and motivation, for each
sector.
Wp takes the form of the low energy limit of a well-
known model of dynamical SUSY breaking, namely the
Intriligator-Seiberg-Shih models [8]. In [8] it was shown
that SUSY QCD, with Nf massive quark flavours, Nf
being in the range Nc < Nf < 3/2Nc, exhibits a
metastable, SUSY breaking vacuum if the quark masses
are hierarchically smaller than the IR strong-coupling
scale of the theory, i.e. mf  ΛIR. This theory can be
studied using the Seiberg dual [9] theory with Nf flavours
and N˜ = Nf − Nc colours. Discarding supplementary
massive, SUSY-preserving superfields, at low energies
one is left with an O’Raifeartaigh-like superpotential of
the form in Wp. In this case Wp is a simplified version
of the model, and realistic scenarios with N˜ > 1 contain
N˜ copies of the dual quark superfields φ. Radiative cor-
rections stabilize P at the origin, and the dimensionful
scales Λp and hpΛ
2
p can be generated dynamically. For
our purposes Wp is a well-motivated spontaneous SUSY
breaking model, with dynamically generated scales [10],
and for more details on the ISS models we refer the reader
to the original work [8].
Ws is inspired by the form of the OGM set-up, and by
early models of hybrid supersymmetric inflation [11–14].
It does not respect an R-symmetry, and is incapable of
spontaneous SUSY breaking on its own. S is a gauge-
singlet and we identify the standard model messengers,
Q and Q, with a 5 and 5 of SU(5), with the intention of
gauge-mediating to the supersymmetric standard-model
(SSM).
This superpotential is not generic, however we can jus-
tify this form with selection rules from the spontaneous
breaking of an R-symmetry due to gaugino condensation,
as well as attempting to generate the parameters dynami-
cally, along the lines of e.g. [15, 16]. We introduce a pure
SUSY QCD sector which becomes strongly coupled at
a scale Λ. The gauge fields are contained in the chiral
superfield Wα and the massive quark superfields in this
sector are q, q. If we allow non-renormalizable couplings
of this sector to the messengers through physics at some
higher scale M?, we can replace Ws with an R-symmetric
superpotential:
WsR =
(
QQ
M?
−mq
)
qq + Tr(W 2α)
(
1
g2SYM
− QQ
M2?
)
(5)
Thus if the extra SUSY Yang-Mills sector exhibits gaug-
ino condensation we can identify 〈Tr(W 2α)〉 ∼ Λ3. Fur-
ther, below the strong coupling scale Λ we can treat qq as
a meson superfield, making the identification qq ∼ ΛS.
Hence we arrive at the form of Ws given in Equation 4,
where the parameters can be retrofitted as:
ys ∼ Λ/M? (6)
hsΛ
2
s ∼ mqΛ (7)
Λs ∼ Λ3/M2? . (8)
We also assume that the quark masses mq can be sim-
ilarly retrofitted. Although we have discussed a possi-
bility for explaining the structure of Ws we note that
non-generic superpotentials can be maintained from high
scales due to the perturbative non-renormalization of su-
perpotentials. We have also attempted to generate scales
in this model dynamically, however one may alternatively
choose to remain agnostic about the origin of the various
terms, as the purpose of this model is mainly demonstra-
tive.
For interactions between each sector we assume a
Ka¨hler potential term of the form;
Kps = − λ
2
M2M
(P †P )(S†S) . (9)
Kps is the only interaction between the primary and
secondary sectors, in particular between the stimulated
SUSY breaking superfield S and the primary SUSY
breaking superfield P . We assume that Kps arises af-
ter integrating out messenger interactions between the
primary and secondary sectors. For the specific case of
gravity mediation MM ∼MP , although lower mass mes-
sengers are also possible.
This completes the model. Although the complete
model does not exhibit an R-symmetry, it still breaks
SUSY spontaneously and has no SUSY-preserving vac-
uum, even with kinetic mixing between P and S taken
into account [24]. At first this appears at odds with
the general theorem of Nelson and Seiberg [17], however
this is not the case, as although there is no continuous
R-symmetry the superpotential is not generic and the
primary and secondary sectors are not coupled through
superpotential terms. In fact, the primary sector still
breaks SUSY in the same vacuum that would be realized
if the primary sector were isolated.
B. Sectors in Isolation, λ = 0
To build a complete picture of stimulated SUSY break-
ing methodically it is necessary to first consider the sec-
tors in isolation.
4The primary sector, Wp, is an O’Raifeartaigh model,
and with hpyp < 2 the minimum of the tree-level po-
tential lies at 〈φi〉 = 0, with 〈P 〉 undetermined, and a
non-zero F-term of FP = hpΛ
2
p. Although there exists
a flat direction along P at tree-level this is lifted radia-
tively. Integrating out the massive φi superfields to find
the Coleman-Weinberg potential [18] one finds a one-loop
soft mass for P . Expanded to second order in the small
parameter hp this is:
V˜p =
h2py
4
p
24pi2
Λ2p|P |2 . (10)
Thus P is stabilized at the origin, and the low energy ef-
fective theory for the primary sector is given by Equation
10 and the superpotential:
Wpeff = hpΛ
2
pP . (11)
The story for the secondary sector, Ws, is somewhat
different. There exists a supersymmetric minimum at
〈ysS〉 = Λs and 〈QQ〉 = hsΛ2s/ys, and the vacuum be-
haviour away from this minimum is interesting.
Writing S˜ = ysS − Λs, which is zero at the super-
symmetric minimum, then for |S˜|2 > yshsΛ2s the scalar
potential is minimized with 〈QQ〉 = 0 and 〈S˜〉 is a flat
direction at tree-level. However in this region FS 6= 0
and radiative corrections lift this flat direction. Includ-
ing these corrections by integrating out the massive Q
and Q superfields, the potential for S˜ is;
Vs = h
2
sΛ
4
s +
1
32pi2
(2y2sh
2
sΛ
4
s log(|S˜|2/µ2))
+ (|S˜|2 + yshsΛ2s)2 log(1 + yshsΛ2s/|S˜|2)
+ (|S˜|2 − yshsΛ2s)2 log(1− yshsΛ2s/|S˜|2)) , (12)
where µ is the UV cut-off and we have written S˜ = ysS−
Λs.
Whenever |S˜|2 ≤ yshsΛ2s the potential is minimized
with 〈QQ〉 = (yshsΛ2s − |S˜|2)/y2s and there are simi-
lar one-loop corrections. These corrections are, however,
subdominant in this region as S˜ becomes massive at tree
level. Although we don’t give these corrections here they
are included in all Figures.
In the upper panel of Figure 1 we show the scalar po-
tential for S, having minimized in the Q and Q direc-
tions. One can see the supersymmetric minimum and
in the lower panel of Figure 1 we focus on the pseudo-
flat direction to show the gentle slope generated by the
radiative corrections.
This concludes the study of the primary and secondary
sectors in isolation. We now go on to consider the case
where λ 6= 0 and the SUSY breaking from the primary
sector is mediated to the secondary sector.
C. Stimulated SUSY breaking, λ 6= 0
Once we turn on the coupling, λ, between the primary
and secondary sectors the SUSY breaking from the pri-
mary sector is mediated to the secondary sector. In this
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FIG. 1: The scalar potential for the secondary sector in isola-
tion, i.e. in the limit λ→ 0. The potential has been minimized
in the Q and Q directions, and is plotted as a function of S.
The relevant parameters are hs = 0.1, ys = 1, Λs = 1. In
the upper panel one can see the pseudo-flat directions either
side of the supersymmetric minimum. In the lower panel we
see the lifting of these pseudo-flat directions due to radiative
corrections.
case a soft mass for the scalar component of S is gener-
ated, and, to second order in hp, the soft potential for S
is:
V˜S = m˜
2|S|2 = λ
2h2pΛ
4
p
M2M
|S|2 . (13)
This soft mass works to stabilize S at the origin. On the
contrary we see from the lower panel of Figure 1 that
the potential from the secondary sector alone leads to a
shallow gradient at the origin, preferring to stabilize S
at the supersymmetric minimum 〈ysS〉 = Λs. It is the
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FIG. 2: The potential in the secondary sector, minimized in
the Q and Q direction, as a function of the scalar field S.
We have included the soft potential for S, generated through
interactions with the primary sector, with λ 6= 0. One can see
that the soft mass has introduced a metastable minimum near
the origin which would not exist otherwise. The parameters
chosen are Λs = 10
4 TeV, hs = 0.1, ys = 0.1 and m˜ = 50 TeV
(solid black), m˜ = 10 TeV (dashed red). If we identify Q and
Q as messenger superfields, the metastable minimum gives the
phenomenologically appealing value of FQ/MQ = 100 TeV,
where FQ is the SUSY breaking experienced by the messen-
gers and MQ is the messenger mass. Thus acceptable gaugino
and sfermion masses can be generated from such a sector.
interplay between the behaviour of these two terms that
can lead to stimulated SUSY breaking.
In order to introduce a minimum near the origin the
soft mass must be great enough to overcome the slope of
the pseudo-flat direction. In this model this corresponds
to the requirement that:
m˜ >∼
hsy
2
s
4pi
Λs . (14)
Thus for relatively natural values of hs ∼ ys ∼ 0.1 the
soft mass can be up to four orders of magnitude below
the typical mass-scales in the secondary sector. Smaller
soft masses can lead to stimulated SUSY breaking if the
couplings in the secondary sector are reduced.
In Figure 2 we plot the scalar potential for S with
the soft mass included. One can see that a metastable
minimum appears near the origin. In this minimum the
ratio of the soft masses to the stimulated SUSY breaking
is, for the parameters we have chosen;
Fsoft/FS =
m˜2
hsΛ2s
= 2.5× 10−4 , (15)
where the parameters used are detailed in the caption of
Figure 2. Thus, the soft terms have ‘stimulated’ SUSY
breaking in the secondary sector.
The soft mass of m˜ = 50 TeV can be achieved with
couplings of order hp ∼ λ ∼ 0.1, messenger masses of
M ∼ 109 TeV, and a primary SUSY breaking scale of
Λp ∼ 106 TeV, below the limit at which one expects
to generate dangerous flavour-changing neutral-currents
from gravity mediated soft-terms.
In the scenario where the stimulated SUSY breaking is
metastable one would like to make this vacuum cosmo-
logically long-lived. Approximating the potential with a
triangle, the bounce action is;
B ≈ 2pi
2
3
(
Λs
ysm˜
)2
 1 , (16)
where we have utilized the results of [19]. Thus the
metastable SUSY breaking state can be made cosmolog-
ically long-lived.
Therefore, with Q and Q identified as messengers
charged under the standard model gauge group, one
could mediate the stimulated SUSY breaking to the SSM,
generating gaugino and sfermion masses at the same
order of magnitude as a result of the comparable R-
symmetry breaking and SUSY breaking scales in this
model. In such a manner, as well as being an amus-
ing theoretical novelty, stimulated SUSY breaking can be
utilized in building models of low-scale gauge mediation.
D. A D-term Model
It is also possible to build models of stimulated SUSY
breaking where the SUSY breaking arises from D-terms.
A simple example appears in an adapted form of a D-
term inflation model [20]. We assume the same primary
and interaction sectors as in Equation 4, and simplify the
secondary sector superpotential to;
Ws = ysSQQ− ΛsQQ , (17)
which is invariant under an R-symmetry. Further we
introduce charges of ±1 for Q and Q under an extra
U(1)s gauge symmetry. If we include a Fayet-Iliopoulos
D-term, hsΛ
2
s, the full tree-level scalar potential is:
Vs = |ysQQ|2 + |ysS − Λs|2(|Q|2 + |Q|2)
+
g2
2
(|Q|2 − |Q|2 + hsΛ2s)2 . (18)
Both dimensionful parameters in this model can also be
retrofitted to dynamically generated scales, following the
examples in [15].
The scalar potential in Equation 18 has a similar
behaviour to the F-term model described previously.
There is a supersymmetric minimum at 〈ysS〉 = Λs,
〈Q〉 = 0, 〈|Q|2〉 = hsΛ2s, and for large values of S, when
|ysS − Λs|2 > hsg2Λ2s, the scalar potential is minimized
6for 〈Q〉 = 〈Q〉 = 0 and is tree-level flat in the S direction.
Along this flat direction the SUSY breaking is:
Ds = ghsΛ
2
s . (19)
Again, as SUSY is broken, this flat direction is lifted by
radiative corrections. For large |S˜|2 = |ysS − Λs|2 >
hsg
2Λ2s the potential behaves as;
Vs =
g2
2
h2sΛ
4
s +
1
32pi2
(2g4h2sΛ
4
s log(|S˜|2/µ2))
+ (|S˜|2 + g2hsΛ2s)2 log(1 + g2hsΛ2s/|S˜|2)
+ (|S˜|2 − g2hsΛ2s)2 log(1− g2hsΛ2s/|S˜|2)) , (20)
where µ is a UV-cutoff.
Thus, once again, if we include the coupling of this sec-
ondary sector to the primary sector then soft terms for S,
generated as a result of the SUSY breaking in the primary
sector, can stabilize S somewhere along this pseudo-flat
direction. In this case the overall SUSY breaking in the
secondary sector is;
Ds = ghsΛ
2
s  m˜2 , (21)
and the SUSY breaking in the primary sector has stimu-
lated SUSY breaking in the secondary sector.
Having considered some simple models of stimulated
SUSY breaking we now go on to consider the mechanism
in more general terms.
III. SOME GENERAL FEATURES OF
STIMULATED SUSY BREAKING
Considering the mechanism in general, we can identify
the key ingredients of a stimulated SUSY breaking set-
up, as well as some generic properties.
First we consider the tree-level scalar potential of the
secondary sector alone, and simply denote this potential
V . It is commonplace for supersymmetric theories to
possess tree-level flat directions, where V ′ = ∂V/∂φ = 0
and V ′′ = ∂2V/∂φ2 = 0, with φ a complex scalar field.
Usually such flat directions are supersymmetric, with
Vflat = 0, however it is possible that flat directions arise
which have non-zero F- or D-terms, giving;
Vflat = F
†
i Fi +
1
2
DaDa 6= 0 , (22)
where the sum over fields is implied.
Denoting the superfields corresponding to the scalar
flat directions Xi, and denoting any additional super-
fields which are charged under gauge and global symme-
tries φj , then a renormalizable theory of the following
form may possess such flat directions;
W = fiXi + (λijkXi +Mjk)φjφk , (23)
where λijk is a trilinear coupling constant. Depending
on the nature of λijk and Mjk it may be possible to jus-
tify the form of the superpotential with an R-symmetry,
under which the singlet superfields have R-charges of
QXi = 2. Otherwise, if the theory does not possess
an R-symmetry, quadratic and cubic terms in Xi can
be forbidden with selection rules from spontaneous R-
symmetry breaking [25].
Studying the F-terms from the superpotential in Equa-
tion 23 one can see that for very large field values, where√
fi〈λijkXi + Mjk〉  fi, the scalar potential is mini-
mized with 〈φi〉 = 0, and is tree-level flat in the 〈Xi〉
direction. Thus any theory of the form in Equation 23
may be a candidate for stimulated SUSY breaking, even
if it possesses a SUSY-preserving minimum.
As the flat directions in such theories are not super-
symmetric they are typically lifted radiatively, generat-
ing a potential for the flat direction. If this is the case we
call this direction ‘pseudo-flat’. Therefore we now correct
the tree-level potential with the full one-loop Coleman-
Weinberg [18] potential:
VF = V + Vl . (24)
Pseudo-flat directions are usually considered in the con-
text of theories which break SUSY at tree-level. In such
a case, once radiative corrections are taken into account,
a local minimum with non-zero vacuum energy exists, i.e.
V > 0, V ′F = 0 and V
′′
F > 0, where only the tree level
vacuum energy is included in the first inequality. At-
tempting to stimulate SUSY breaking in a theory which
already possesses a local SUSY breaking minimum would
be rather pointless, therefore we focus our attention on
theories which ‘almost’ break SUSY.
We define an ‘almost’ SUSY breaking theory as one in
which there exists a supersymmetric minimum, but, far
from the supersymmetric minimum, also exhibits a tree-
level flat direction along the local minimum of the scalar
potential, where the conditions;
V > 0, V ′ = 0, V ′′ = 0 , (25)
are satisfied. Although this looks promising for sponta-
neous SUSY breaking, in an almost-SUSY breaking the-
ory the full potential, including radiative corrections, has
no stable points where:
V > 0, V ′F = 0, V
′′
F > 0 . (26)
Two examples of such a theory were discussed in the
previous section and the upper panel of Figure 1 demon-
strates such a potential. In an almost-SUSY breaking
theory, rather than stabilizing the fields at a local SUSY
breaking minimum, the radiative corrections lift the flat
direction so as to gently slope towards the supersymmet-
ric minimum.
Now, if SUSY breaking occurs in the primary sector
then soft masses, and in general a soft scalar-potential,
can be generated in the secondary sector, along with
supersymmetric superpotential terms generated via the
Giudice-Masiero mechanism [21]. We assume that all
such dimensionful terms are of order m˜ ∼ FP /MM , and
7coupling constants of order c ∼ m˜/MM , where FP pa-
rameterises the SUSY breaking in the primary sector and
MM is the scale of the messengers between the primary
and secondary sectors.
These terms will alter the scalar potential for the sec-
ondary sector and we call the additional terms in the
scalar potential V˜ , all terms vanishing in the limit m˜→ 0.
If m˜ is much smaller than the typical scales in the sec-
ondary sector then this additional soft scalar potential
can be considered as a small deformation of the scalar po-
tential, and the secondary sector becomes approximately
supersymmetric.
In most cases such a small perturbation on the scalar
potential is of little interest. However, if V contains a
tree-level flat direction where F 6= 0, and V˜ possesses
a stable minimum somewhere along this flat direction,
it is possible for the scalar fields to be stabilized in a
metastable, or even stable, state with SUSY breaking
F  m˜2. This is ‘stimulated’ SUSY breaking.
If a tree-level flat direction with non-zero F-terms were
exactly flat at all orders then stimulated SUSY breaking
could be achieved with arbitrarily small soft terms. How-
ever, tree-level flat directions are typically lifted due to
the SUSY breaking within the secondary sector. There-
fore in order to realize stimulated SUSY breaking in a
realistic scenario the soft terms of order m˜ must over-
come the gradient of the full one-loop potential. This
places a lower limit on the magnitude of SUSY breaking
that must be transmitted to the secondary sector in or-
der to stimulate SUSY breaking. A rule-of-thumb is that
soft terms should be greater than the typical scales in the
secondary sector suppressed by a loop factor.
Finally we come to some general conditions for stimu-
lated SUSY breaking. If V is the tree-level scalar poten-
tial for a secondary sector, Vl is the one-loop correction
to this potential, and V˜ is the soft scalar potential gen-
erated from SUSY breaking in the primary sector, then
the full scalar potential is VT = V + Vl + V˜ . To realize
stimulated SUSY breaking we require that at some point
in field space the conditions;
V 6= 0, V ′ = 0, V ′′ = 0, (27)
V˜ ′ + V ′l = 0 (28)
V˜ ′′ + V ′′l > 0 (29)
are satisfied. Thus, a stable local minimum of the soft-
plus-loop-level scalar potential must coincide with a point
along a SUSY breaking tree-level flat direction.
A. A Pseudo-Goldstino
Although stimulated SUSY breaking is spontaneous,
the presence of the soft terms implies that it is only an
approximate SUSY that is broken spontaneously. Thus,
in the rigid SUSY limit, we expect a pseudo-goldstino,
as opposed to an exactly massless goldstino. One can see
that in the limit m˜ → 0, from Equation 27 we still have
V 6= 0 and V ′ = 0, and consequently a massless goldstino.
Therefore any correction to the mass must be of order
m˜. These corrections can arise at tree-level from SUSY-
preserving superpotential terms which are generated via
the Giudice-Masiero mechanism [21], or, if such terms are
absent, then one would also expect a mass mPG < m˜ to
be generated at loop-level.
Therefore a ‘smoking gun’ consequence of stimulated
SUSY breaking would be the existence of a light fermion,
with mass a few orders of magnitude below the scale
of SUSY breaking in a hidden sector. The mass of
this pseudo-goldstino would give an estimate of the soft
SUSY breaking terms which are stabilizing the stimu-
lated SUSY breaking. If m˜ ∼ m3/2, corresponding to
gravity mediation from the primary sector, one would ex-
pect the pseudo-goldstino to acquire mass 2m3/2 [4, 6].
However, if the mediation from the primary to secondary
sector occurred at lower scales, and m˜  m3/2, the
pseudo-goldstino mass would bear no relation to the grav-
itino mass.
B. Non-minimal Ka¨hler Potential
Although in Section III the description of potential
stimulated SUSY breaking scenarios was fairly general, in
the individual sectors of Section II we assumed minimal
Ka¨hler potential terms. However we also assumed that
scales in each sector were generated dynamically, explain-
ing the hierarchy between these scales and the Planck
scale. As one typically expects non-renormalizable oper-
ators when considering effective descriptions of strongly
coupled theories it is necessary to briefly discuss the
possible effects such operators could have on stimulated
SUSY breaking.
Non-renormalizable operators in the primary sector are
not a concern for this work, as all we require of the pri-
mary sector is that it breaks SUSY spontaneously and
dynamically, and we are not concerned with the details
of how this occurs here, although we note that higher
order Ka¨hler terms in the ISS model used in Section II
are under control [8].
The important consideration is whether higher-order
terms, in particular Ka¨hler terms, which can be consis-
tent with imposed symmetries, may spoil the flatness of
the pseudo-flat direction in the secondary sector. A par-
ticularly troublesome operator is:
∆KS =
(S†S)2
Λ2
. (30)
If the unknown scale Λ is of order the typical scales in the
secondary sector, i.e. Λ ∼ Λs, this operator generates a
soft mass of order Λs  m˜ along the flat direction, thus
spoiling stimulated SUSY breaking. However, we expect
that such an operator would arise from integrating out
modes of mass Λs and would come suppressed by at least
a loop factor, so should not spoil the stimulated SUSY
8breaking. It is in fact such corrections that we calculated
in Equation 12.
If Λ Λs, arising from integrating out unknown heav-
ier modes associated with some strong-coupling scale, we
require that Λ2s  m˜Λ in order for stimulated SUSY
breaking to be possible.
C. Gravity Mediated Soft Terms
A particularly appealing scenario for stimulated SUSY
breaking would be if the primary sector were to break
SUSY at scales FP <∼ (1010 GeV)2, generating soft
masses of order m˜ ∼ 10 GeV in the secondary, and SSM,
sectors via gravity mediation. These soft masses could in
principle stimulate SUSY breaking in a hidden sector up
to scales as high as ∼ 100 TeV, which would correspond
to four orders of magnitude between the soft terms and
the SUSY breaking.
This gravity-mediated stimulated SUSY breaking can
be realized with the secondary sector model of Section
II A. For m˜ ∼ 10 GeV we find that with the parame-
ters Λs = 10
6 TeV, hs = 1 and ys = 10
−4, a metastable
SUSY breaking vacuum appears near the origin. The
small value of ys implies that the secondary SUSY break-
ing field and the messengers are very weakly coupled.
In addition, for these parameters, the ratio of SUSY
breaking experienced by the messengers to the messenger
masses is FQ/MQ = 100 TeV, suitable for gauge media-
tion. Summarizing this set-up; a primary SUSY breaking
sector generates soft terms in all sectors via gravity medi-
ation. These soft terms go on to stimulate SUSY break-
ing in a secondary sector at a much higher scale, and this
stimulated SUSY breaking is subsequently gauge medi-
ated to SSM.
Such a scenario would also correspond to a neat re-
alization of the ‘Goldstini’ scenario [4], with both the
gravitino, from the primary sector, and goldstino, from
the secondary sector, with masses potentially measurable
at the LHC, along with an appealing cosmology [5]. All
arising from one fundamental SUSY breaking in the pri-
mary sector.
IV. DISCUSSION
We have demonstrated the mechanism of stimulated
SUSY breaking, both in the context of specific models
and in more general terms. It may be that this mech-
anism is merely a technical novelty; allowing approxi-
mately supersymmetric sectors to break SUSY sponta-
neously, even though their exactly supersymmetric coun-
terparts cannot. However, if one is willing to pay the
price of an extra SUSY breaking sector, stimulated SUSY
breaking can open new possibilities for building models
of gauge mediation, by utilizing sectors that, alone, are
incapable of breaking SUSY spontaneously.
As a sector which experiences stimulated SUSY break-
ing need not exhibit an R-symmetry, it may be possible
to avoid some of the problems faced in building mod-
els of gauge mediation which relate to the necessity of
R-symmetry breaking. One such difficulty lies in gener-
ating gaugino masses comparable to the sfermion masses.
Stimulated SUSY-breaking may also have interesting
cosmological consequences as large soft masses, arising
due to thermal effects in the early Universe [7], may have
led to stimulated SUSY breaking in sectors which have
subsequently evolved to a SUSY-preserving minimum.
Further, if there exist multiple sequestered sectors, stim-
ulated SUSY breaking lends support to the concept of
multiple SUSY breaking sectors [3, 4]. This is because,
even if the extra sectors are not capable of spontaneous
SUSY breaking in isolation, these sectors may have been
stimulated into spontaneous SUSY breaking by the exis-
tence of a single original SUSY breaking sector.
Recently the apparently similar, but essentially differ-
ent model of ‘cascade SUSY breaking’ was proposed [22].
This model also relies on SUSY breaking from a primary
sector which is mediated to a secondary sector, gener-
ating soft terms of order m˜. The ultimate difference,
however, is that in cascade SUSY breaking the eventual
SUSY breaking in the secondary sector is FS ∝ m˜2, cor-
responding to the global minimum in Figure 2. Whereas,
in stimulated SUSY breaking we have FS ∝ Λ2s  m˜2
and the soft terms stimulate the secondary sector to
break SUSY at much higher scales. Thus, although the
overall set-up is rather similar, cascade, and stimulated
SUSY breaking mechanisms both constitute appealing,
although rather different, scenarios for model building.
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